Rare thermally activated transitions in high dimensional systems cannot be efficiently studied by means of Molecular Dynamics (MD) simulations. This is because all the computational time is invested for describing the motion of the system, when it is exploring the portion of configuration space associated to the stable and meta-stable states. On the other hand, one is often mostly interested in the information encoded in the reaction pathways joining different states and in the transition state ensemble. In this talk, we present a recently developed theoretical/computational framework denominated Dominant Reaction Pathways Ensemble (DoRPE), which allows to rigorously identify the ensemble of statistically significant transition pathways, avoiding investing CPU time in simulating the local thermal motion in the meta-stable configurations and without relying on any choice of reaction coordinates.
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The method is based on the analogy between the Fokker-Planck conditional probability for a transition from a given initial to a given final configuration and the "quantum" propagation in imaginary time. In this language, the most probable thermally activated transitions (or Dominant Reaction Pathways, DRPs) correspond to tunneling trajectories, i.e. instantons. The idea is therefore to apply the saddle-point approximation to the stochastic path integral representation of the conditional probability, to derive the (time independent) equation for the DRPs and to include the leading thermal fluctuations around them by Monte Carlo sampling. In this talk we present the formalism, and the first applications to the study of conformational transitions of alaninde dipeptide in a all-atom molecular model and to the folding of a 16-residue beta hairpin. We validate the DoRPE results against MD simulations and show that the computational advantage of the former approach is impressive and makes it possible for the first time to study entire protein folding reaction on available computers. We In addition, we discuss how DoRPE can be used to efficiently compute rates in high-dimensional systems.
